Introduction
============

Beginning in the second trimester, tonsils form in the fetus at various locations. Their main function is to produce lymphocytes.[@JR1659oa-1] Tonsils are named based on their location: the palatine tonsils (located between the glossopalatine and pharyngopalatine arches), the lingual tonsil (located at the posterior third of the tongue), the tubal tonsils (eustachian tubes), the pharyngeal tonsil, and the adenoid (adjacent to the choanae and the pharyngeal ostium of the eustachian tubes). All tonsillar lymph nodes form Waldeyer\'s ring, which represents 3 to 5% of the entire lymphatic system.[@BR1659oa-2] [@JR1659oa-3] Excessive infection caused by microorganisms or the allergic process can lead to hyperactivity of the tonsils and pharynx, which can increase its volume, thereby hindering the passage of air to the choanae.[@BR1659oa-4] The literature is controversial regarding the process of benign idiopathic tonsillar hypertrophy. Some authors relate this process to changes in the production of other immunoglobulins and to infections caused by nonspecific pathogens in the lymphoid tissue or mononucleosis, cytomegalovirus (CMV), and toxoplasmosis. Identifying the microbiota that colonize the tonsils has become increasingly important both for the connection with recurrent infections and the possible association with the hypertrophy of the tonsils and pharynx.[@JR1659oa-5] [@JR1659oa-6]

Adenotonsillectomy may be necessary for patients with respiratory disorders caused by hypertrophy of the tonsils and adenoids; these patients show significant improvements in their oxygen saturation and quality of life after surgery.[@JR1659oa-7] [@JR1659oa-8] In view of this evidence, we aimed to evaluate the relationship between tonsillar hypertrophy, adenoids, microorganisms, and immunoglobulins in patients with surgical indications.

Objectives
==========

The primary objective of the study was to identify the relationship between tonsillar hypertrophy and adenoids using serologic indicators (i.e., mononucleosis, toxoplasmosis, CMV, anti-streptolysin O \[ASLO\] and serum immunoglobulins \[Ig\] A \[IgA\], IgG, IgM, and IgE) in children between ages 1 and 10 years who underwent or were indicated for tonsillectomy.

Gender differences in the levels of immunoglobulins were also investigated.

Materials and Methods
=====================

This retrospective, observational study was performed from July 2012 to April 2013 by reviewing the medical records of children between the ages of 1 and 10 years who were indicated for adenotonsillectomy surgery at the ear, nose, and throat clinic at General Hospital of the East Zone of São Paulo City (a poor socioeconomic region).

Inclusion and Exclusion Criteria
--------------------------------

The following inclusion criteria were applied. Children were enrolled if they complained of upper airway tract obstruction, difficulty swallowing, mouth breathing, snoring, sleep apnea, and recurrent tonsillar infections in the area where the surgical treatment was indicated. All children with the symptoms described above underwent an endoscopic nasopharynx examination and were included in the study if they showed tract obstruction of air ≥ 50% because of tonsillar hypertrophy. At that time, samples were collected for laboratory and serological tests. Patients with incomplete medical records were excluded from the study.

Laboratory and Serology Tests
-----------------------------

According to the Ambulatory ENT General Hospital of the East Zone protocol, preoperative serology tests were requested for mononucleosis, toxoplasmosis, CMV, and serum immunoglobulins (i.e., ASLO, IgA, IgG, IgM, and IgE).

All tests were performed in a laboratory that was outsourced by the hospital. Nephelometry was used to examine the serum immunoglobulin levels (i.e., IgA, IgG, IgM, and IgE); serology was used for toxoplasmosis; chemiluminescence was used for CMV; and passive hemagglutination was used for mononucleosis serology. The ASLO test was used as the parameter for the streptolysin O dosage.

Statistical Analysis
--------------------

Data were tabulated and analyzed using STATA version 12.1 (Stata Corp.,Texas, USA). The variables related to age and immunoglobulin levels were analyzed using the mean and standard deviation, and categorical variables were determined by absolute and relative frequencies (the Friedman test). The results were stratified by gender and compared using the Mann-Whitney *U* test to determine significant differences, and *p* values \< 0.05 were considered significant.

Results
=======

Description Sample
------------------

This study evaluated 101 children between the ages of 1 and 10 years (55.4% male, 44.5% female) with tonsillar hypertrophy who were undergoing adenotonsillectomy. The mean age was 5.8 ( ±  2.19) years. Of the participants, \<5% were between 1 and 3 years old and ∼45% were between 5 and 7 years old ([Table 1](#TB1659oa-1){ref-type="table"}).

###### Profiles of children undergoing adenotonsillectomy

                    *n*           \%
  ----------------- ------------- --------------------
  Gender                          
   Male             56            55.4
   Female           45            44.6
  Age (mean ± SD)   5.82 ± 2.19   Max: 10 and min: 1

Abbreviation: SD, standard deviation.

Serum Test Results
------------------

According to the preoperative serologic tests, 90 and 43% of the children had never had contact with toxoplasmosis and CMV, respectively. However, 54% of the children had immunity to CMV, indicating that at some point of their lives, they had contact with the agents. However, only 9% of the toxoplasmosis cases showed immunity, although none had acute illness. As shown in [Table 2](#TB1659oa-2){ref-type="table"}, we did not observe acute toxoplasmosis infections, but two children (1.98%) were seropositive for CMV.

###### Results of serologic tests for mononucleosis, IgG and IgM toxoplasmosis, and Cytomegalovirus

                              IgG          
  --------------------------- ------------ ------------
  IgM                                      
   Toxoplasmosis, *n* (%)                  
    Reagent                   01 (0.99)    0 (0)
    Not reagent               09 (8.91)    91 (90)
   Cytomegalovirus, *n* (%)                
    Reagent                   02 (1.98)    02 (1.98)
    Not reagent               54 (53.5)    43 (42.6)
  Mononucleosis, *n* (%)      13 (12.87)   88 (87.13)

Abbreviation: Ig, immunoglobulin.

Regarding mononucleosis, 13% of the children had reagents, meaning that they had contact with the Epstein-Barr virus (EBV) or had active infections by the agent. The immunoglobulin levels were compared with the reference values and are displayed by the relative frequencies ([Table 3](#TB1659oa-3){ref-type="table"}). Immunoglobulins play an important role in detecting humoral immune response to infectious and allergic processes. Thus, we observed that ∼33% of the patients had increased IgG levels, 30% had increased IgA levels, and 37% had increased IgE levels. The mean and standard deviation for these immunoglobulins were 1162 ± 251, 140 ± 86, and 253 ± 186, respectively. Regarding IgM, only 3.96% of the patients had increased values, which had little correlation with tonsillar hypertrophy.

###### Reference values for the assayed immunoglobulins

  Reference values (mg/dL)   *n* (%)
  -------------------------- ------------
  Serum dosage IgG           
   \<420                     01 (0.99)
   420--1,240                67 (66.34)
   \>1,240                   33 (32.67)
  Serum dosage IgM           
   \<50                      01 (0.99)
   50--300                   96 (95.05)
   \>300                     04 (3.96)
  Serum dosage IgA           
   \<18                      04 (3.96)
   18--160                   67 (66.37)
   \>160                     30 (29.7)
  Serum dosage IgE           
   0.4                       0 (0)
   0.4--352                  64 (63.37)
   \>352                     37 (36.63)
  Serum dosage ASLO          
   \<250                     54 (53.47)
   \>250                     47 (46.53)

Abbreviation: ASLO, anti-streptolysin O; Ig, immunoglobulin.

All patients showed symptoms, including complaints of recurrent respiratory infections or signs of sleep apnea, and there was at least one obstruction of the nasal pharynx (50%). Despite the increase in immunoglobulins that correlated with tonsillar hypertrophy, some patients did not show the same symptoms. When comparing the gender results, we found that the IgM values were significantly lower for boys. IgA and IgE values differed between genders also, which suggests a greater exposure to allergens in boys than girls ([Table 4](#TB1659oa-4){ref-type="table"}).

###### Gender comparison of the immunoglobulin and ASLO levels

         Male (*n* = 56)   Female (*n* = 45)   95% CI     *p* ^a^                  
  ------ ----------------- ------------------- ---------- --------- -------------- --------
  IgM    138.82            145.51              149.39     61.91     120--166       0.0235
  IgG    1,161.34          244.47              1,162.29   263.33    1,112--1,211   0.6445
  IgA    157.89            91.28               117.46     74.49     122--156       0.0072
  IgE    609.23            729.3               204.14     282.15    308--548       0.0001
  ASLO   268.12            163.12              234.41     212.05    216--289       0.1641

Abbreviations: a, Wilcoxon Mann Whitney test; ASLO, anti-streptolysin O; CI, confidence interval; Ig, immunoglobulin; SD, standard deviation.

ASLO is released by gram-positive bacteria that colonize the upper airway and is usually responsible for respiratory infections in children. Approximately 47% of the patients had increased ASLO levels.

Discussion
==========

Tonsillectomy (with or without adenoidectomy) is the most common surgery among children. It is associated with improved quality of life and sleep, although its causes and its effects on the immune system (e.g., reducing infections) are still controversial.[@JR1659oa-9]

As shown in this study, CMV and EBV agents have been cited in the literature as possible causes of tonsillar hypertrophy. Using polymerase chain reaction, a study in Turkey noted the presence of some types of herpesviruses, including CMV, mononucleosis, and EBV, in children 2 to 9 years of age and a reported positivity of 25.2 to 11.3% for EBV and CMV among children with adenoid hypertrophy and adenoiditis.[@JR1659oa-10]

Another study conducted in China by Zhang and colleagues demonstrated a correlation between EBV and adenoid hypertrophy; 51.9% of the children had EBV in tissues with adenoid and tonsillar hypertrophy, although it was absent in the blood. This result aligns with our results, as our study only performed serology and did not investigate this agent in the tissue.[@JR1659oa-11]

Regarding the gender differences, Zhang et al found no statistical significance. These results differ from those in this study, which found that the values of IgM, IgA, and IgG differed between boys and girls.[@JR1659oa-11] Other viral agents of epidemiologic importance were also cited in a cross-sectional study by Proença-Modena and colleagues, who reported high rates of common respiratory viruses (97.5% of children with chronic adenotonsillar disease and no history of acute respiratory symptoms).[@JR1659oa-12] Human adenovirus was found more frequently (47%), followed by enterovirus (40%), rhinovirus (38%), bocavirus (30%), metapneumovirus (17%), and respiratory syncytial virus (16%).[@JR1659oa-12] Our study should have considered these viruses profiles; however, it has proven difficult to do so in daily practice.

Generally, in clinical practice, adenotonsillectomy reduces the incidences of respiratory infections and allergic obstruction. The adverse impact of immune adenotonsillectomy surgery in children has been studied for years, but past reports have shown different postoperative immunoglobulin levels in the long and short term.[@JR1659oa-9]

IgG is the main immunoglobulin found in blood, corresponding to ∼70 to 75% of the total immunoglobulin level. An IgG deficiency in children may be related to repeated respiratory infections.[@BR1659oa-13] In contrast, our findings suggest a 30% increase in IgG, which can be related to the organism response.

In their last publication of adenotonsillectomy, Santos and colleagues followed patients for 14 months over two visits. The first follow-up visit occurred 1 to 2 months postsurgery, and the second occurred 12 to 14 months postsurgery. The immunoglobulin results were compared using the Friedman test (three groups), and they showed the preoperative value of IgG (*p* = 0.002) and the significant reduction of IgA (*p* = 0.026).[@JR1659oa-9]

[Fig. 1A](#FI1659oa-1){ref-type="fig"} shows that the IgM values are low with little variability; only one individual (age 6 years) had increased IgM values. We observed greater variability for IgG ([Fig. 1B](#FI1659oa-1){ref-type="fig"}), with predominance among the benchmarks. Our findings, however, are similar to those found by Santos et al,[@JR1659oa-9] who reported normal levels in the preoperative and postoperative periods (1 to 2 months). However, after 12 months of follow-up, the IgA and IgG levels showed significant increases. The level of IgA immunoglobulin improved in 30% of the samples; its primary biological function is to protect against invading organisms, such as viruses and bacteria on mucosal surfaces, and inhibiting their adhesion to epithelial cells. IgA does not fix complement; therefore, it can work against microorganisms without triggering the cascade of inflammation that damages the epithelial surfaces. However, it does not always protect against reinfection. It also promotes the decreased absorption of a variety of antigens or allergens (inhaled or ingested) that can trigger immune responses.[@JR1659oa-14] Note that we used the serum IgA and not the dosage salivate - salivary IgA levels. In a second step, it should be studied.

![Scatter plot of serum immunoglobulin (Ig) M (IgM; A), IgG (B), IgA (C), and IgE (D) levels by age.](10-1055-s-0033-1364174-i1659oa-1){#FI1659oa-1}

Note that the IgA ([Fig. 1.C](#FI1659oa-1){ref-type="fig"}) levels remained within the parameters for all ages, and 30% of the patients showed increases. IgE ([Fig. 1D](#FI1659oa-1){ref-type="fig"}) appears to increase with age and was increased by 37%. Griffin et al have reported a 20% increase in IgE in children undergoing adenotonsillectomy, but they found no evidence of symptom improvement after surgery, and their follow-up period was only 1 year.[@JR1659oa-15]

The etiology of tonsillar hypertrophy, as many studies have suggested, is related to the presence of infectious agents, such as viruses and bacteria that are commonly found in the microflora of the upper airway and in the humoral immune response to the body\'s sensitivity to one or more allergens.

Identifying the main etiologic agents remains a public health challenge.

Conclusion
==========

Based on our results, we found that there was no relationship between the positive serology for toxoplasmosis and tonsillar hypertrophy. However, we observed a positive relationship between the serology for CMV and tonsillar hypertrophy. Regarding mononucleosis, a low percentage (13%) of patients had positive serology.

Regarding ASLO, there was a 47% increase in the patients studied. Concerning the dosages of serum immunoglobulins in these patients, there was an increase in the serum levels of immunoglobulins IgA, IgE, and IgG but not an increase or decrease in IgM.
